(Received for publication March ll, 1972) The a-and /?-methyl glycosides (IV and V, respectively) of the antibiotic Streptozotocin is an antibiotic produced by Streptomyces achromogenesvar. streptozoticusX) and shown by degradation2'3) and synthesis3***5) to have the structure I.
Streptozotocin possesses broad-spectrum antibacterial activity13 and is active in vivoQ). In addition, however, it displays marked anti-leukemic activity7?83, and is a diabetogenic agentV0), being specifically toxic to the /?-cells of the islets of Langerhans. It is currently under study in the therapy of malignant insulinomas11*12).
This multiplicity of activities made it of interest to prepare analogs with altered carbohydrate stereochemistry, modified substituents ol the antibiotic itself, and transpositions of hydroxyl and nitrosoureido groups. Prior to this investigation, it was known that 1,3,4,6-tetra-O-acetylstreptozotocin shows no antibacterial activity, and also that the replacement of the methyl group at N3 of the nitrosourea by ethyl or n-butyl leads to antibacterially inactive products (Dr. R. R. Herr, The UpJohn Company ; personal communication, 1967) . However,, while streptozotocin tetraacetate shows even greater inhibition of the growth of L-1210 cells than the antibiotic itself13), the N3-ethyl and butyl analogs and their tetraacetates show only slight activity (R. R. Herr, vide supra).
Since the completion of this work, two papers have appeared on the synthesis of analogs of streptozotocin, one on those derived from aminocyclitolsU) and the other on the methyl glycosides15) of the antibiotic, the latter by a route analogous to that employed in the present work.
The In view of the failure of the above methods to yield the desired urea (X), recourse was madeto the method of Bertho23>24) of the reaction of acetobromoglucose with sodium azide to the /?-azide (XVII) and reduction to the tetra-O-acetyl-/?-D-glucosylamine (XVIII). Reaction with methyl isocyanate occurred readily to give the tetraacetyl urea (XIX), deacetylated with methanolic ammonia to the free glucosylurea (X).
The physical constants of X agreed with those reported17*18) indicating that the direct condensation of glucose and N-methylurea had given the j9-pyranosyl product. Alternatively, use can be made of the Staudinger reaction25) to go from the azide rial activity. All of the analogs show activity at least equal to streptozotocin ; interestingly, the a-methyl glycoside IV is twice as active as the /?-anomer V. As with streptozotocin tetraacetate, the tetra-O-acetates XXII and XXIV show enhanced activity.
The carbohydrate moiety appears to act as a carrier for the N3-methyl-N3-nitrosourea group. The anti-leukemic activity of simple methyl nitrosoureas is well documented26).
The antileukemic activity of these analogs in vivo will be reported elsewhere by Dr. B. K. Bhuyan of these laboratories.
Experimental Section
Melting points were determined on a Gallenkamp (England) capillary melting point apparatus, using a thermometercalibrated for stem exposure. Thin-layer chromatography was run on 2"X8" Uniplates27) coated with silica gel GF (250ju) using the solvent system quoted (parts by volume). Zones were detected by spraying with Lemieux28) reagent or with 50 % aqueous H2SO4 followed by heating at 100°C ; the N-nitroso derivatives could also be detected by their strong fluorescence under UVirradiation. Reaction between <#-acetobromoglucose (19.15 g) in xylene (distilled from Na, 1500 ml) and AgNCO(dried at 100°C/high vac, 25.0g), gave a syrup which showed extremely weak absorption at 2280cm"1 (possibly -N=C^O): chromatography (1 Me2CO: 1 Skellysolve B30) gave a colorless solid which separated from Me2CO-Skellysolve B in needles, m.p. 159.5-161°C, MD-5°(c 0.88, CHC18).
Anal. Calcd. for C29H40N2O19 : C 48.33, H 5.60, N 3.89 Found: C 48.68, H 5.31, N 4.04 Acetylation (Ac2O-pyridine) of l,3-di-/?-D-glucosylurea20) gave a product indistinguishable from the above.
#-D-Glucopyranosyl isothiocyanate tetraacetate22) (VIII, 8.0 g) was allowed to stand overnight in MeOHsaturated at 0°C with MeNH2.Removal of the solvent and crystallization of the residue from H2O-EtOHgave (IX) as colorless plates (4.08g 
A solution of NOC1 (3.63g) in Ac2O (15ml) at 0°C was added dropwise to XIX (5.0g) in pyridine (50ml) also at 0°C and in an atmosphere of N2, with stirring. After 20 minutes at room temperature, the yellow-orange solution was poured into icewater, precipitating a red gumwhich was extracted thoroughly with CHC13, the extract washed with ice-cold HC1 (iV),H2O, sat. aqueous NaHC3O, H2O, and dried (Na2SO4). Solvent removal gave a syrup which was chromatographed ( 3-ff-D-Glucopyranosyl-l-methyl-l-nitrosourea (XXIII).
The urea (X, 1.0g) was nitrosated in aqueous solution by the standard procedure, and the product isolated by lyophilization. Chromatography ( 
